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Objective: to determine the relative significance of ultrasonographic parameters of carotid plaques to develop an Activity
Index (AI) which could correlate with clinical findings.
Method: two hundred and fifteen plaques in 141 patients underwent ultrasonography and computer-assisted structural
analysis. In half the patients (group 1), plaques were classified as either homogeneous and heterogeneous and ultrasono-
graphic appearances related symptomatic (SP) or asymptomatic (AP) station. The probability of SP for each ultrasound
parameter was used to define an Activity Index (AI). The AI was then applied the second half of patients (Group 2) to assess
the value of AI in determining symptomatic station.
Results: the parameters with highest morbility were surface disruption, severe stenosis and low grey scale median and,
additionally in heterogenous plaques heterogeneity and the presence of a juxta-luminal echolucent area. The power in group
2 of AI to identify symptomatic plaques was determined. Mean AI was for SP-75 (41±100) and for AP-43 (22±100); 78% of
SP have AI4 60 and 70% of AP have AI5 50. The cut-off point between the two groups was 52. ROC curve analysis of
the AI were obtained to determine its diagnostic accuracy.
Conclusion: Activity Index is an objective parameter of plaque echostructure that positively correlates with symptoms. AI
may contribute to better selection for treatment of patients with carotid artery disease.
Key Words: Carotid plaque; Carotid plaque risk score; Computer-assisted plaque analysis; High-risk carotid plaque;
High definition ultrasonography.
Introduction
Carotid bifurcation plaques may cause neurological
symptoms because of distal embolisation or flow
reduction. Data from several published studies point
out the importance of the degree of stenosis as a major
determinant of stroke, in both symptomatic and
asymptomatic disease.1±3 However, other factors of
plaque structure and composition can also be impor-
tant, as suggested by histopathological and non-
invasive studies.4±21 In a previous investigation22 we
have suggested that ultrasonographic parameters in
association with the degree of stenosis, were impor-
tant determinants of a profile of unstable carotid
plaques associated with neurological symptoms.
The aim of the present study was to quantify the
relative weight and importance of each significant
parameter assessed from ultrasonographic evaluation
and to obtain an Activity Index (AI), which could
correlate with the presence of associated ipsilateral
symptoms. The diagnostic accuracy of this AI was
also assessed prospectively in a separate group of
plaques.
Material and Method
The study included 215 carotid bifurcation plaques
from 141 patients, 105 males and 36 females.
Patients were observed consecutively and the clinical
investigation included a neurological consultation and
a brain CT scan. A plaque was considered symptom-
atic when accompanied by Amaurosis fugax or by focal
transitory, reversible or established neurological
symptoms in the ipsilateral carotid territory, in
the previous 6 months. The CT scan was analysed by
a neuroradiologist and considered positive when
evidence of cerebral infarction was present in the
appropriate hemisphere. Lacunar infarctions were
excluded. Arterial hypertension was present in 73%,
Diabetes mellitus in 25%, smoking habits in 60%,
dyslipidemia in 43%, ischaemic heart disease in
39% and evidence of lower limb occlusive disease in
37%. The mean age was 68 years (41±87).
Please address all correspondences to: L. M. Pedro, Instituto
Cardiovascular de Lisboa, Torres de Lisboa Torre F 2nd, R. Tomas
da Fonseca, 1600-209 Lisboa, Portugal.
Eur J Vasc Endovasc Surg 24, 492±498 (2002)
doi:10.1053/ejvs.2002.1766, available online at http://www.idealibrary.com on
1078±5884/02/060492 07 $35.00/0 # 2002 Elsevier Science Ltd. All rights reserved.
The cohort of plaques was randomly divided in two
groups: 106 plaques in 74 patients (Group 1) were
used to determine the value of significant diagnostic
parameters derived from the echostructure of the
lesions and for construction of an Activity Index
(AI). Subsequently, AI was applied on the 109 plaques
in 67 patients (Group 2) to assess prospectively the
diagnostic accuracy of AI in identifying symptomatic
plaques. The characteristics of the two groups are
summarised in Table 1.
Ultrasound plaque analysis
Non-invasive examination with colour-flow duplex-
scan was performed with ATL-HDI 3000 equipment
and the settings included the use of a 7±10 MHz
probe, 60 dB dynamic range and post-processing
linear maps.22,23
High definition images of the carotid bifurcation
were obtained and the details of the examination
have been described in previous publications.22,23
The images of the plaques were digitalized directly
into a magnetical optical disk and then loaded into a
PC type computer. Computer-assisted standardisation
and analysis was performed according the method-
ology previously published.22 The following para-
meters determined from computer-assisted analysis,
were the grey-scale median (GSM) of the histogram
representing the distribution of plaque image pixels
and also the percentile 40 (P40), that is the percentage
of `` black'' pixels (`` echolucent'' pixels) which provide
assessment of echogenicity of the plaque.
A subjective analysis of the plaques was also per-
formed based in the ultrasonographic uniformity of
plaque echo-structure appearance. When it was
regular and uniform the plaque was classified as
homogenous; if identification of areas of different
echogenicity was possible, the lesion was classified
as heterogenous and the hypo and hyper echogenicity
areas located in relation to its lumen surface.
In the subgroup of homogenous plaques the pres-
ence of the following factors was determined: global
echogenicity (GSM, P40), presence of an echogenic
cap (echogenic line visible over the structure of the
plaque) overlying the lesion, evidence of plaque sur-
face disruption, relationship between the ecogenic cap
(EC) thickness and plaque thickness. In the subgroup
of heterogenous plaques the following parameters
were reported: global echogenicity (GSM, P40), local-
isation of echolucent region of the plaque (basal or
juxta-luminal) and percentage of echolucent area in
relation to the overall plaque area. An echogenicity-
area index was also calculated by the formula:
% echolucent areaGSM of the echolucent area
/% echogenic areaGSM of the echogenic area.
In both, plaque disruption was defined by an inter-
ruption in the echogenic surface of the plaque and
power-Doppler was used in all cases to facilitate its
identification.
The degree of stenosis was quantified in all plaques
using colour-flow duplex-scan criteria: cross-section
area measurement combined with haemodynamic
assessment.
Statistical methods
In Group 1 statistical analysis was developed in 3 steps
using the software STATA 4.0.
Step 1
Univariate analysis (Chi-square and Fisher exact
test for categorial variables and variance analysis
and Student's t-test for continuous variables) were
used to determine which variables were significant
for the identification of symptomatic plaques.
Step 2
Determination of the probability ± for each significant
variable ± of occurrence of symptomatic plaque (odds
value): Oddsnumber of symptomatic plaques with
each significant variable/total number with each
significant variable.
Resizing of the odds value to a 0±100 numerical
scale was applied to determine a score for each vari-
able or subgroup inside the variable, in order that a
plaque with all significant variables present would
have a total score of 100. The AI for a given plaque
Table 1. Analysis of the characteristics of the plaques in Groups 1
and 2.
Group 1 Group 2
Patients 74 67
Men 58 (78%) 47 (70%)
Women 16 (22%) 20 (30%)
Age (years) 67 (38±80) 69 (47±88)
Plaques 106 109
Symptomatic 40 (38%) 27 (25%)
CT infarction 28
CTÿ infarction 12
Interval between symptoms and
ultrasound examination (days)
7(1±27) 5(1±35)
Asymptomatic 66 (62%) 82 (75%)
CT infarction 14
CTÿ infarction 52
% Stenosis (range) 68 (20±99) 73 (31±99)
Stenosis4 70% 54 (51%) 65 (60%)
Stenosis 51±69% 27 (25%) 32 (29%)
Stenosis5 50% 25 (24%) 12 (11%)
Homogenous 67 (63%) 71 (65%)
Heterogenous 39 (37%) 38 (35%)
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is the sum of the scores obtained for each variable
present in that lesion.
Step 3
Multivariate logistic regression analysis was used to
determine the true statistical significance of different
odds for each subgroup or variable when compared
with the respective reference group (lower probability
group).
In Group 2 the diagnostic accuracy of the AI was
assessed prospectively in a separate cohort of lesions,
where the same parameters of plaque echogenicity
and echostructure were determined following the
same methodology used in Group 1, in order to obtain
a value of AI for each plaque.
Then, the diagnostic parameters (sensitivity, speci-
ficity, positive predictive value, negative predictive
value and overall accuracy) for the identification of
the symptomatic plaque were calculated using the
ROC-curve analysis methodology.
Results
Results of the univariate analysis of the assessed param-
eters, in the subgroups of homogenous and hetero-
genous plaques and in relation with the surrogate
end-point, symptomatic and asymptomatic plaques,
are presented in Table 2.
In homogenous plaques the GSM and P40 were
significant factors, meaning that symptomatic plaques
are significantly more echolucent than asymptomatic
lesions. Also, the presence of plaque surface dis-
ruption was significantly more frequently observed
in symptomatic plaques.
Table 2. Results of the separate analysis of symptomatic and
asymptomatic plaques in Group 1.
Symptomatic Asymptomatic p
Homogenous plaque
GSM 36 46 0.03
P40 63 46 0.01









GSM 31 44 0.02













% of echolucent region 59% 57% NS
Index echogenicity-area 0.5 0.5 NS
Table 3. Calculation of the odds values, odds-ratios and
confidence intervals for symptomatic plaque in the group of
Homogenous plaques (reference groups: no plaque disruption;
stenosis5 50%; GSM4 40; P405 42).
Odds Odds ratio C.I. 95% p
Homogenous plaque 0.22
Plaque surface disruption
No 0.13 ± ±
Yes 0.57 8.9 (2.3±32.9) 5 0.001
Degree of stenosis
550 0.11 ± ±
50±69 0.14 1.25 (0.1±15.8) 0.863
70±79 0.15 1.67 (0.2±1.4) 0.631
80±89 0.40 6.67 (1.9±25.8) 0.032
490 0.50 10.0 (1.6±33.1) 0.014
GSM
520 0.80 37.3 (3.1±63.0) 50.001
20±32 0.38 11.2 (2.2±56.1) 50.001
33±40 0.18 5.6 (1.2±26.7) 0.031
440 0.09 ± ± ±
P40
542 0.07 ± ± ±
42±55 0.18 4.9 (2±35) 0.036
56±63 0.27 6.5 (1.2±32.4) 0.021
463 0.47 11.4 (2.0±36.1) 50.001
Table 4. Calculation of the odds values, odds-ratios and confi-
dence intervals for symptomatic plaque in the group of Hetero-
genous plaques (reference groups: homogenous plaque; central
echolucent region; no plaque disruption; stenosis5 50%;
GSM4 40; P405 42).
Odds Odds ratio C.I. 95% p
Heterogenous plaque 0.64 6.19 (2.6±14.8) 50.001
Location of the
echolucent region
Central 0.14 ± ± ±
Juxta-luminal 0.72 6.8 (1.8±21.2) 0.021
Plaque surface disruption
No 0.41 ± ± ±
Yes 0.82 6.4 (1.5±27.4) 50.001
Degree of stenosis
550 0.00 ± ± ±
50±69 0.14 ± ± ±
70±79 0.43 5.9 (2.4±10.7) 0.034
80±89 0.57 6.6 (3.7±12.5) 0.020
490 1.00 22.1 (4.5±121.7) 50.001
GSM
520 1.00 7.2 (1.7±29.6) 0.011
20±32 0.57 3.2 (0.9±10.7) 0.061
33±40 0.42 2.5 (0.7±10.1) 0.121
440 0.12 ± ± ±
P40
442 0.23 ± ± ±
42±55 0.44 2.7 (0.7±10.9) 0.288
56±63 0.53 3.3 (0.8±12.6) 0.092
463 1.00 9.7 (1.8±26.6) 50.001
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In heterogenous plaques, the GSM and P40 were
also significantly different in symptomatic lesions
meaning that symptomatic plaques are more echo-
lucent. Plaque surface disruption was more frequently
observed in symptomatic plaques and the juxta-
luminal location of the echolucent region, without
echogenic cap, was also a characteristic of sympto-
matic plaques.
Assessment of the relative importance of each
significant parameter by calculation of the probability
values is presented in Tables 3 and 4.
The re-sizing of these odds value for a 0±100 scale
allowed the determination of a numerical score indi-
cated in Table 5. The AI of each plaque was obtained
by the sum of these scores.
A plaque with heterogenous structure, with a juxta-
luminal echolucent area, degree of stenosis490%;
GSM5 32; and P404 42 would be associated with
maximal AI of 100.
The analysis by multivariate logistic regression
showed that the increases in probability in the groups
of stenosis 50±69% and 70±79% (against stenosis5
50%), for homogenous plaques, were not statistically
significant. The same happened in the heterogenous
plaques population relative to stenosis 50±69%, GSM
20±40 and P40 42±63. In spite of these results, prob-
ability value of symptomatic plaque for each class was
accepted and the correspondent small score increase
has been included in Table 5.
Applied on group 2, the mean AI in symptomatic
plaques was 75 (41±100) and in asymptomatic plaques
43 (22±100). Figure 1 shows the distribution of the AI
in the various intervals and in both symptomatic and
asymptomatic plaques. It is aparent that 93% of symp-
tomatic plaques have an AI superior to 50 and 78%
superior to 60. Eighty two percent of asymptomatic
plaques have an AI lower than 60 and 70% lower than
50. The cut-off point between the two groups, allow-
ing the greater discrimination between them, is the
value of 52 (Fig. 1).
The calculation of diagnostic parameters using
ROC curve analysis shows that the best cut-off level
for the AI in homogenous plaques (Fig. 2) is the value
53±60, associated with sensitivity of 56%, specificity
of 92%, positive predictive value of 50%, negative
predictive value of 93% and accuracy of 87%. For
`` Score'' `` Score''
Homogenous plaque 9 Heterogenous plaque 12
Plaque surface disruption Location of the echolucent region
No 5 Central with echogenic cap 3
Yes 22 Juxta-luminal without echogenic cap 14
Degree of stenosis Plaque surface disruption
550 4 No 8
50±69 5 Yes 16
70±79 6 Degree of stenosis
80±89 16 550 0
490 20 50±69 3
GSM 70±79 8
520 31 80±89 11
20±32 15 490 19
33±40 7 GSM
440 4 520 19
P40 20±32 11
543 3 33±40 8
43±55 7 440 2
56±63 11 P40




Table 5. `` Scores'' for calculation of the Activity Index (symptomatic plaque).
Risk Score of Carotid Plaques 495
Eur J Vasc Endovasc Surg Vol 24, December 2002
heterogenous plaques (Fig. 3) the best cut-off levels
were the values 52±53, associated with sensitivity of
89%, specificity of 43±48%, positive predictive value of
59%, negative predictive value of 83±100% and accur-
acy of 75±76%.
Discussion
Major trials have shown that the degree of stenosis is
the most important factor in the requirement for
intervention in patients with carotid disease.1±3
Nevertheless, plaque characteristics, such as
intra-plaque haemorrhage4,5,7 and ulceration,8 a
wide 24,25 and juxta-luminal lipid/necrotic centre13 a
thin or ruptured fibrous cap8,26,27 and an increased
infiltration by inflammatory cells, constitute markers
of instability and clinical risk.28,29 Also a higher
lipid28,30,31 and blood content may increase the plaque
susceptibility to haemodynamic stresses.32±35
The European Carotid Stenosis Trial (ECST) found
that the markers of risk for neurological events at
2 years were the degree of stenosis and the presence
of plaque surface irregularity on angiography.36
New generation of colour-flow duplex scanners
with improved quality of the high definition
ultrasonographic image, and the introduction of
computer-assisted carotid plaque analysis with digital
















Fig. 1. Distribution of symptomatic and asymptomatic plaques at Activity Index intervals.
Sens Spec PPV NPV Accuracy
>40 100 62 29 100 72
>45 89 83 44 98 86
>50 78 87 47 96 86
>51 67 87 46 96 96
>52 56 88 50 95 87
>53 56 92 50 93 87
>60 56 92 50 93 87
>65 33 93 43 90 86



















Fig. 2. Diagnostic accuracy (ROC-curve) of the Activity Index in
the identification of the symptomatic in homogenous plaques
(Group 2).
IA Sens Spec PPV NPV Acuracy
>40 100 46 68
>45 100 24 46 100 73
>50 100 29 53 100 74
>51 89 29 59 100 74
>52 89 43 59 100 75
>53 89 48 59 83 76
>55 89 52 59 83 76
>60 89 67 73 83 80



















Fig. 3. Diagnostic accuracy (ROC-curve) of the Activity Index in
the identification of the symptomatic in heterogenous plaques
(Group 2).
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objective and reproducible study of plaque structure21
and stability.37,38
The present study take this knowledge forward
through the development of a plaque activity (AI).
This Index was obtained by a projection into a
numerical scale of the probability values of occurrence
of symptomatic plaque for each studied ecographic
parameter obtained by high definition ultrasono-
graphy and computer-assisted image analysis, aiming
to determine its relative weight. It was also used to
acomodate even small and non significant differences
between the various parameters by multivariate logis-
tic regression analysis, in order to maximise the dis-
criminatory power of the AI to separate between
symptomatic and asymptomatic carotid lesions.
In our study this AI was shown to correlate
with clinically symptomatic lesions, that is, causing
appropriate neurologic symptoms in the carotid
territory.
The overall diagnostic power of AI to identify the
symptomatic lesion was subsequently studied in a
different population of plaques, the results obtained
were extremely satisfactory and the use of ROC curves
allowed the identification of different cut-off values of
Al with higher diagnostic specificity or sensitivity.
However, to evaluate the predictive power of AI to
identify instability in asymptomatic plaques prone to
develop symptoms, further research using this param-
eter in studies of natural history in patients with
carotid disease will be required.
Also the identification of a subset of `` dangerous''
plaques, with higher neurological risk, may have
important implications in the indication for carotid
endarterectomy, as it is well known that the absolute
benefit of surgical treatment is low in the asympto-
matic disease3 and in symptomatic disease ass-
ociated with moderate degree of stenosis.40
Meanwhile, AI is an objective parameter that cor-
relates with plaque instability and clinical activity
and its use may enhance objectivity in the assessment
of carotid plaque structure using high definition
ultrasonography.
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